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WELCOME

A new research infrastructure supporting deep underground cavities able to host a very large

multipurpose next-generation neutrino observatory of a total volume in the range of 100.000 to

1.000.000 m3 will provide new and unique scientific opportunities in the field of particle and

astroparticle physics, attracting interest from scientists worldwide to study proton decay and neutrinos

from many different natural sources, very likely leading to fundamental discoveries. 

The Superkamiokande Water Cerenkov Imaging detector with a total volume of 50.000 m3 and the T2K

long baseline neutrino oscillation experiment in Japan represent today the state-of-the-art in this field,

addressing neutrino astrophysics and studying neutrino properties. Swiss groups are visibly engaged in

the T2K experiment since 2006. First physics results are expected in summer 2010.

One of the main reasons for a new observatory beyond Superkamiokande is to find direct evidence for

the Unification of all elementary forces, by searching for a rare process called proton decay. The new

underground detector will pursue the only possible path to directly test physics at the GUT scale,

significantly extending the proton lifetime search sensitivities up to 1035 years, a range compatible with

several theoretical models.

While searching for proton decays, the continuously sensitive underground observatory will offer the

opportunity to concurrently detect several other rare phenomena. In particular, it will sense a large

number of neutrinos emitted by exploding galactic and extragalactic type-II supernovae, allowing an

accurate study of the mechanisms driving the explosion. The neutrino observatory will also allow

precision studies of other astrophysical or terrestrial sources like solar and atmospheric ones, and search

for new sources of astrophysical neutrinos, like for example the diffuse neutrino background from relic

supernovae or those produced in Dark Matter (WIMP) annihilation in the centre of the Sun or the Earth.

In addition, the recent measurements of neutrino oscillations point forward to the need to couple the new

neutrino observatory to advanced neutrino beams for instance from CERN, to study matter-antimatter

asymmetry in neutrino oscillations, thereby addressing the outstanding puzzle of the origin of the excess

of matter over antimatter created in the very early stages of evolution of the Universe.

Europe currently has four world-class national deep underground laboratories with high-level technical

expertise, located in Boulby (UK), Canfranc (Spain), Gran Sasso (Italy), and Modane (France), hosting

WELCOME TO THE SEARCH FOR THE GRAND UNIFICATION AND TO THE OBSERVATION OF THE UNIVERSE
WITH NEUTRINOS

The proton can

spontaneously

disintegrate into lighter

elementary constituents

if the strong, weak and

electromagnetic forces

become unified at a

very high-energy scale

(1016 GeV or beyond,

at a much higher

energy scale than what

can be directly probed

by the LHC), as

predicted by Grand

Unified Theories

(GUT).

Superkamiokande did

not so far find proton

decay, implying that

the proton has a

lifetime greater than

1033 years. Precision

measurements

performed at the CERN

LEP collider in the

1990’s do support

GUT and further

information could come

from the LHC.

LARGE UNDERGROUND OBSERVATORY FOR PROTON
DECAY, NEUTRINO ASTROPHYSICS AND CP-VIOLATION IN THE LEPTON
SECTOR
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Science of LAGUNA-LBNO
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See Ref. D. Autiero et al., JCAP 0711 (2007) 011
Physics “white paper” in preparation (Editor: S. Pascoli)

Geo
neutrinos

Open questions about natural 
radioactivity in the Earth 

Open questions about natural 
radioactivity in the Earth

1 - What is the 
radiogenic contribution 
to terrestrial heat 
production?

2 - How much 
U and Th in 
the crust?

3 - How much U and 
Th in the mantle?

4 - What is hidden in the 
Earth’s core? 
(geo-reactor,

40K, …)

5 - Is the standard 
geochemical model 

(BSE) consistent 
with geo-neutrino data?
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Detector technology options

A. Rubbia CHIPP Plenary

MEMPHYS 

500 kton water 

GLACIER 

100 kton liquid argon 

LENA 

50 kt scintillator 

 70 m 

• Three techniques proposed (approx. drawn to scale)

Detectors considered in LAGUNA

• Water 
Cerenkov 

[MEMPHYS]
• Liquid 

scintillator 
[LENA]

• Liquid Argon 
TPC 

[GLACIER]

• Next generation deep underground neutrino observatory
‣ Three technology options considered (MEMPHYS, LENA, GLACIER) 

with total active mass in the range 50’000-500’000 tons

4
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Water Cerenkov Liquid Argon TPC Liquid Scintillator

Total mass 500 kton 100 kton 50 kton

p → e π0 in 10 years
1.2x1035 years

ε = 17%, ≈ 1 BG event
0.5x1035 years

ε = 45%, <1 BG event
?

p → ν K in 10 years
0.15x1035 years

ε = 8.6%, ≈ 30 BG events
1.1x1035 years

ε = 97%, <1 BG event
0.4x1035 years

ε = 65%, <1 BG event

SN cool off 
8xMSun@ 10 kpc

194000 (mostly νep→ e+n) 38500  (all flavors)
(64000 if NH-L mixing) 15000  (all flavors)

SN in Andromeda 40 events
7 

(12 if NH-L mixing) 4 events

SN burst @ 10 kpc ≈250 ν-e elastic scattering 380 νe CC (flavor sensitive) ≈30 events

SN relic 250(2500 when Gd-loaded)/year 50/year 20-40/year

Atmospheric neutrinos 56000 events/year
≈11000 events/year
≈100 ντ CC/year 5600/year

Solar neutrinos 91250000/year 324000 events/year ≈5400 7Be events/day

Geoneutrinos – – ≈1500 events/year

Outstanding astroparticle ν physics

Complementarity between detector techniques
5

and proton decay search
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MEMPHYS option (Large Water Cerenkov)

6
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140 m64 m

10
3 

m 2 independent modules,  
330’000 m3 each

220’000 8-10” PMTs
≈500 kton fiducial mass

!!"

Extrapolation from 
SuperKamiokande
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LENA option
(Low Energy Neutrino Astronomy)

7
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Very high purity liquid scintillator with high light 
yield, optimized for lowest energy range

LS purity as achieved 
in Borexino
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GLACIER option
(Giant Liquid Ar Charge Imaging ExpeRiment)

8

Passive perlite insulation

up to Φ≈70 m

up to h =20 m
Max drift length

Double phase 
liquid Argon TPC 

with charge 
amplification.

(EU-Japan effort)

LAr

Cathode (- HV)

E-
fie

ld

Extraction grid

Charge readout plane

UV & Cerenkov light 
readout  photosensors 

E≈ 1 kV/cm

E ≈ 3 kV/cm

Electronic 
racks

Field shaping 
electrodes

GAr

• Single module non-evacuable cryo-tank based on industrial 
LNG technology

• Cylindrical shape with excellent surface / volume ratio
• Simple, scalable detector design, possibly up to 100 kton 
• Single very long vertical drift with full active mass
• A very large area LAr LEM-TPC for long drift paths
• Possibly immersed visible light readout for Cerenkov imaging
• Possibly immersed (high Tc) superconducting solenoid to 

obtain magnetized detector
• Reasonable excavation requirements (<250ʻ000 m3)
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Biagio Rossi - University of Bern! 3rd CHIPP Swiss Neutrino Workshop - Zürich - 17-18Nov 08! 11!

TPC pictures!

Cathode!

Pillars!

Wire 

planes!

Resistor 

chain!

Field-

shaper 

rings!

Decoupling 

capacitors!

HV 
feedtrough!

Bern

GLACIER R&D: steps

9

Double phase LAr-LEM TPC

➠

➠

➠
LEM-TPC 

ETHZ

ArDM-1t(RE18), presently 
operating@CERN

1 kton ?

B-field test 

12m

10m

P32@JPARC

KEK

6m3 @ CERN

➠

Charged particles test beam, 
calorimetry, non-evacuated 

vessels, LAr purity

Move to LSC in 2011

direct 
proof of 

long 
drift 

path up 
to 5 m

ArgonTube
@Bern

run in 2011

Beam exposed in 
2010 (and 2011?)

purity demonstrator
LAr: 2012, NA 2013 ?

Test
beams

Single phase 
LArTPC

➠

Full 
engineering 

demonstrator 
for larger 

detectors, with 
a stand-alone 
short baseline 

physics 
programme

Test
beams

➠
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NEW: J-PARC P32 test beam

10

Measurements with well defined charged 
particle test beam at J-PARC slow extraction:
•To benchmark performance of  detector
•To develop simulation/reconstruction 
software
•Kaon id relevant for proton decay searches

ETHZ-KEK-Iwate-Waseda

K1.1BR area @ hadron hall
J-PARC slow extraction facility

Figure 1. Overview of the T32 setup. All details are described later.

Figure 2. J-PARC hadron hall and the location of the K1.1BR beam-line

ESS, there are two six-pole manets (SX1, SX2) to correct the beam orbit finely. Also an orbit

correction magnet for ESS is located just after the ESS.

Final Focus point (FF) is set at a downstream of the Q8 magnet by 3.3m and it is used for

the lepton violation experiments by TREK collaborator. We note that D1 magnet is necessary

to be radiation hard so that it uses inorganic and water cooled components. Length of the ESS

is 2.0 m. “IFS” is the slit consists of acceptance slit (IFX) and vertical point source slit (IFY).

Trigger tagging from beamline 
instrumentation (TREK)

Fitch Cerenkov, TOF, gas Cerenkov

T32: Accumulated No. of Events
24-Oct 1-Nov

Event Category No. of events
K+ 800 MeV/c with degrader  540 MeV/c 7,000
K+ 800 MeV/c with degrader  630 MeV/c 40,000
K+ 800 MeV/c with degrader  680 MeV/c 35,000

+           200 MeV/c 70,000
e+              800 MeV/c 2,500
P           800 MeV/c 1,500
e+              200 MeV/c 10,000

+ dominant 800 MeV/c 3,000 
total 170,000

T32: Accumulated No. of Events 24-Oct - 1-Nov

10Thursday, January 27, 2011
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J-PARC P32 event gallery
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K→μυ

K→μυ

K→ππ0

K→ππ0

K→ππ0

→(μ) →e

Tagged separated kaon beam 
at K1.1BR beam area @ 

hadron hall

• !"#$%!&'()*#!+,-#.'$-#'/!
• !s+0/123%4!s+5/163%

• 0.8 GeV/c K/π ratio ≈ 1/4
• a few K/flat top(=2s)
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LAGUNA at work (2008-2011)

12

Typical questions addressed
• assessment of strengths and weaknesses 
• rock mechanics of caverns
• design of tanks in relation to sites 
• overburden vs. detector options 
• transport, access, delivery of liquids 
• safety e.g. tunnel vs. mine 
• environment e.g. rock removal 
• relative costs

Site visits and meeting
• sites work together on common areas

12Thursday, January 27, 2011
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A. Rubbia CHIPP Plenary

LAGUNA focus

Candidate sites
1.Boulby, UK
2.Canfranc, Spain
3.Fréjus, France
4.Pyhäsalmi, Finland
5.Sieroszowice, 
Poland
6.Slanic, Romania
7.Caso, Italy

1

2

3

4

5

6

7

>1500 m!

rock overburden!

Longitudinal section 

6,2 km 

12.8 km 

6,6 km 

Boulby Mine Basics

• A working potash and salt mine (Cleveland - North East England)

• One of deepest in EU (850m-1.3km deep) (proposed 1.5-1.6 km)

• Unique environment for science (deep and low radioactivity)

• 940 mine staff + ~3000 local employment

• Durham - 75 mins; Sheffield - 105 mins; York - 60 mins 

Plymouth

London

Birmingham

Liverpool

Newcastle

Edinburgh

Inverness

Belfast

Dublin

Redcar

Hartlepool

Peterlee

Middlesbrough

Billingham

Newton Aycliffe

Stockton

Darlington

Middlesborough

Whitby

Staithes

York

Sylvanite
A. Rubbia CHIPP Plenary

MEMPHYS 

500 kton water 

GLACIER 

100 kton liquid argon 

LENA 

50 kt scintillator 

 70 m 

• Three techniques proposed (approx. drawn to scale)

Detectors considered in LAGUNA

• Water 
Cerenkov 

[MEMPHYS]
• Liquid 

scintillator 
[LENA]

• Liquid Argon 
TPC 

[GLACIER]

3.Fréjus

7.Umbria

6.Slanic

1.Boulby

4.Pyhäsalmi

5.Sieroszowice

2.Canfranc
13

Seven pre-selected EU sites
Several baselines from CERN
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Site features

Basic characteristics of the studied underground sites:
From existing road tunnels:! ! Canfranc (1500-2700mwe), 
! ! ! ! ! ! ! ! ! ! Fréjus (4800mwe)
From existing deep mines:! ! Boulby (3400-4000mwe), 
! ! ! ! ! ! ! ! ! ! Pyhäsalmi (2500-4000mwe), 
! ! ! ! ! ! ! ! ! ! Sieroszowice (1400mwe)
Existing large salt-mine:! ! ! Slanic (840mwe)
Greenfield site(off-axis CNGS): !Umbria (1500-2300mwe)

14Thursday, January 27, 2011
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Interim site-dependent geotechnical reports: delivered!
Final joint report on potential European sites: !soon
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Scientific Partners: ETH ZÜRICH  –  U-BERN 

Technical Partners: AGT INGEGNERIA SRL (Perugia) – GEOINGEGNERIA SRL (Rome) 

Geological Advisors: Prof. GIORGIO MINELLI – Dott. Geol. CLAUDIO BERNETTI 

LAGUNA Design Study 

Underground infrastructures and engineering 
for LAGUNA at Italian Site 

 
(EU, FP7 : Work Package 2 : Deliverable 2.1) 

REGIONE UMBRIA Site (Valnerina) 
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 ACEST STUDIU ESTE SUPORT PENTRU 

FP7 212343 DESIGN OF A PAN- EUROPEAN 
INFRASTRUCTURE FOR LARGE 
APPARATUS STUDYING GRAND 
UNIFICATION AND NEUTRINO 

ASTROPHYSICS - LAGUNA 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

PYHÄSALMI 
LAGUNA Design Study 

Feasibility Study for LAGUNA at PYHÄSALMI 
Underground infrastructure and engineering 
(EU, FP 7: Work Package 2: Deliverable 2.1) 

63° 39’ 31’’ N - 26° 02’ 48’’ E 

Project number
Grant Agreement: 212343 
Project title 
LAGUNA—Design of a pan-European 
Infrastructure for Large Apparatus 
studying Grand Unification and Neutrino 
Astrophysics 
Call (part) identifier 
FP7-INFRASTRUCTURES-2007-1 

Designer

in co-operation with 

    

Coordinator LAGUNA: Swiss Federal Institute of Technology 
Zurich (ETH Zürich, Switzerland); Prof. André Rubbia 

Coordinator WP2: Technische Universität München (TU
München, Germany); Prof. Franz von Feilitzsch 

Mr. G.A. Nuijten, M.Sc., project leader 

guido.nuijten@rockplan.fi  

12.11.2009

KALLIOSUUNNITTELU OY
ROCKPLAN LTD

•more than 1200 pages
•large amount of 
information and details
•healthy competition 
among sites
•publicly available

LAGUNA, Design Study Boulby 1 (126) 
Geo-technical report, deliverable 2.1. 20.10.2009 

 

 
 

 

FP7 Design Study: 
CPL and University of Sheffield 

 

 

BOULBY 
LAGUNA Design Study 

 Geo-technical, Underground Infrastructure and Engineering Interim Report  
(EU, FP7: Work Package 2: Deliverable 2.1) 

 - in strict confidence - 
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A. Rubbia Workshop on Next generation Nucleon decay and Neutrino detectors (NNN09)
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Requirement depends on detector technology
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(1) Tank concepts

17

GLACIER

LENA

MEMPHYS

MEMPHYS

80 pages report by 
Technodyne Ltd

Decoupled from cavern

Embedded in or decoupled 
from cavern (site-dependent)

Embedded in cavern

 
 
 
Technodyne International Ltd 

Design of a Pan-European Infrastructure for Large 
Apparatus Studying Grand Unification and Neutrino 

Astrophysics 

66 of 80 

 Feasibility Study for LAGUNA Tank Engineering 
Final Report for GLACIER, LENA & MEMPHYS Tanks 

11-May-10 

 
Conclusions 
 
The Feasibility Study for Tank Engineering has shown that all tank designs are feasible.  In 
all cases it is considered that further investigation would be necessary to investigate 
highlighted design details and issues if the associated experiments are down-selected for 
further consideration.  Similarly, down-selection of possible sites for the experiments would 
also necessitate further investigation of site-specific tank construction details. 
 
Of the three proposed experiments the proposed GLACIER tank concept is the only tank 
design based on existing technology and design codes.  The existing technology has 
allowed development of the GLACIER tank concept to an outline construction sequence 
stage.  The proposed LENA and MEMPHYS tank concepts do not follow established 
design codes and are based on application of similar technology and general engineering 
principles. 
 
Investigation of tank cost estimates has shown that suppliers and tank construction 
companies were willing to offer estimates for construction of a GLACIER tank due to 
existing knowledge and experience.  Suppliers were reluctant to offer construction 
estimates for the LENA and MEMPHYS tanks.  For these tanks it has been necessary to 
apply similar construction cost factors to material cost estimates as used for GLACIER. 
 
Preliminary tank cost estimates have been established as follows: 
 
 GLACIER tank (Low Seismic Site) M! 100.1* 
 GLACIER tank (High Seismic Site) M! 123.1* 
 LENA tank     M! 62.4* 
 MEMPHYS tanks (total for 3 off)  M! 174* 
 

* All estimates exclude associated cavern construction costs 
 
It is recommended that further investigation of tank cost estimates should be carried out 
once the above design details and tank construction details have been developed 
following experiment and site down-selection.  
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(2) Main cavern engineering
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MEMPHYS LENA GLACIER

Overburden >2000 mwe >4000 mwe >600 mwe

#tanks 3 to 5 1 1 preferred

Dimensions of 
tank

cylinder 65m Ø x 
65m height  

SS cylinder of 30m Ø x105 
m height, inside a external 

tank of  ~ cylindrical   shape, 
of at least 

34m Ø for water-buffer. 

cylinder: 72,4m Ø x 
26,5m height

  dome: 12,7m height x 
144,8m Ø

Cavern 65m Ø x 70m 
height + dome

Egg-shaped to house 
external tank

cylinder: 75,1m Ø x 
26,5m height + dome

!

GLACIER@Sierozsowice

Relationship between tank design 
and main cavern excavation
• Interaction between scientists, Technodyne 
Ltd. with Rockplan, Cuprum, CPL, AGT, ...
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(3) Geomechanical studies
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Bedrock conditions in Europa

The age of the 

bedrock in Finland 

varies between

2 – 3,5 million years

Rock data gathered for all sites
Numerical modeling based on these 
parameters:
• Convergence 
• Spalling
• Rock-bolting 
• Mucking 
• Multi-strata rock issues
• Cavern shapes

Rock spalling vs depth
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LAGUNA, Design Study SLANIC 9 (62) 

Underground infrastructures and engineering, deliverable 2.7 14/05/2010 

 
If the GLACIER detector is constructed in Unirea salt mine there are 2 options. Option 1 
is a crown detector around a secondary pillar in the SE region of the mine 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.6. Position and dimensions of the crown detector around a secondary pillar 
 
The geometrical dimensions of the tank are: inner radius of the tank 37.6 m, the outer 
radius 54.00 m and 20 m height. The volume of this detector is about 94000 m3. 
Option 2 is a set of 3 detectors, each constructed at the intersection of 2 galleries 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.7. Positions and dimensions of the 3 detectors 
 
The geometrical dimensions of one tank are: radius 22 m and height 20 m. The volume 
of one detector is about 30000 m3.  
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Table 1: Cost and timescale estimates for LAGUNA site infrastructure at Boulby 

Item GLACIER MEMPHYS LENA 
Cavern (MDC) £45M(AMCO); £48.5M(SES)  £108.5M £59.5M 
Phase 1 £8M £25M £8M 
Phase 2 £4M £10M £5M 
Phase 3 £18M £55M £29M 
Vent bore (option) £1.5M £2M £2M 
3rd Shaft (option) £15M (AAE) + £15M (CPL) £15M £17M 
Ancillary labs £4.5M £10M £6M 
Liquid store TBD TBD TBD 
Tank and Detector TBD TBD TBD 
Timescale 3.5 years 7 years 4.5 years 

 

Earliest date for the start of  excavation Allowing for final design and procurement time 
excavation could start 1 year after funding is received. 

 

Fig. 1: Example of  GLACIER at Boulby showing (top left) location at mine, (top right) cavern schematic, (bottom) 
layout with ancillary laboratories, possible additional vent bore and shaft. 

 

 

 

     

 

  

(4) Underground Layouts

20

Pyhäsalmi
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Umbria

!

Sieroszowice

Canfranc

Fréjus

Boulby

Details of layout including MDC, auxilliary caverns, access, escape routes, etc...

2500-4000 m.w.e
4800 m.w.e

3400-4000 m.w.e

1500-2300 m.w.e

1400 m.w.e

1500 m.w.e (GLACIER)
2700 m.w.e (MEMPHYS/
LENA)

Slanic

840 m.w.e
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(5) Sequence of excavation

21
!

Details of construction 
sequence also studied at 
various sites
• Rock disposal
• Geotechnical stability and 
safety at each stage of excavation
• Requirements for rock removal 
and rock bolting
• Egress routes and evacuation 
safety

Example: GLACIER@Sieroszowice LENA@Pyhäsalmi
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!

Details of ancillary laboratories, storage caverns and egress 
• Design of liquid transit, storage and emergency dump
• Ancillary caverns for construction phase 
• Clean rooms, electronics and mechanical workshops 
• Emergency safe havens, double egress routes

Sieroszowice
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Contour of SYY

  Magfac =  1.000e+000
  Gradient Calculation

-3.4402e+001 to -3.2500e+001
-3.2500e+001 to -3.0000e+001
-3.0000e+001 to -2.7500e+001
-2.7500e+001 to -2.5000e+001
-2.5000e+001 to -2.2500e+001
-2.2500e+001 to -2.0000e+001
-2.0000e+001 to -1.7500e+001
-1.7500e+001 to -1.5000e+001
-1.5000e+001 to -1.2500e+001
-1.2500e+001 to -1.0000e+001
-1.0000e+001 to -7.5000e+000
-7.5000e+000 to -5.0000e+000
-5.0000e+000 to -2.5000e+000
-2.5000e+000 to -1.2477e+000

   Interval =  2.5e+000

F LAC3D 2.10

Witold Pytel

Step 55465  Model Projection
08:44:04 Tue Mar 10 2009

Center:
 X: 3.080e+001
 Y: 1.013e+002
 Z: 4.000e+000

Rotation:
 X:   0.000
 Y:   0.000
 Z:   0.000

Dist: 1.525e+003 Size: 6.515e+001

Job Title: GLACIER 100kt - LARGE ANHYDRITE CAVERN

View Title: 

Contour of SZZ

  Magfac =  1.000e+000
  Gradient Calculation

-5.3244e+001 to -5.0000e+001
-5.0000e+001 to -4.5000e+001
-4.5000e+001 to -4.0000e+001
-4.0000e+001 to -3.5000e+001
-3.5000e+001 to -3.0000e+001
-3.0000e+001 to -2.5000e+001
-2.5000e+001 to -2.0000e+001
-2.0000e+001 to -1.5000e+001
-1.5000e+001 to -1.0000e+001
-1.0000e+001 to -5.0000e+000
-5.0000e+000 to  0.0000e+000
 0.0000e+000 to  2.2271e-001

   Interval =  5.0e+000

(6) Additional infrastructure
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MAIN DETECTOR CAVERN 11.120.000,00 !

BASE ACCES TUNNEL AND ANCILLARY TUNNEL 7.270.000,00 !

INTERMEDIATE AND AUXILIARY CAVERNS 2.920.000,00 !

EMERGENCY PEDESTRIAN TUNNEL 1.470.000,00 !

TOTAL 22.780.000,00 !

LAGUNA Italian Site 50
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Important aspect in the eyes of the EU and the funding agencies
•Socio-economic 
• HAZCON (with Technodyne) 
• safety, risk analysis 
• environment...

(7) Socio-Economic, Safety, Environment

• socio-economic

• safety, risk analysis

• HAZCON (with Technodyne)

• environment...
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Preliminary LAGUNA findings

24

1. All the pre-selected sites appear technically and environmentally feasible, so 
there are several options (unlike in Japan or now USA), though not all sites 
are interested in all detector options.

2. It appears technically feasible to excavate the desired underground caverns 
and infrastructures, to build the necessary tanks underground, and to fill 
them with the desired liquids.

3. The liquid procurement with the needed quantities is feasible for all sites and 
for all liquids (Water, LAr, LScint), although it might take several calendar 
years to reach the full in-situ procurement.

4. The cost of the excavation, although non-negligible, is not the dominant cost 
of the project. In order to proceed towards a technology choice, a better 
understanding of the costs of the full detector design and construction 
including their instrumentation for the three detector options is essential.

5. Studies indicate that some European options offer potential physics and/or 
technical advantages that need to be specially and carefully confronted with 
other options worldwide.

6. The physics goals play a dominant role in selecting the site !

24Thursday, January 27, 2011
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Simplified illustration of site 
selection based on physics goals 

25

Is location 
important? 

Is depth 
important ? Comments

LAGUNA
Physics 
goal

Neutrino 
properties
Long Baseline 
exp.

Yes No Suitable distance from the accelerator is 
crucial.

LAGUNA
Physics 
goal

Neutrino 
properties
Oscillometry 

No Yes Suitable source at proper distance is crucial.

LAGUNA
Physics 
goal

Proton decay No Yes

LAGUNA
Physics 
goal

High energy 
neutrino 
astrophysics

No YesLAGUNA
Physics 
goal

Diffuse SN 
neutrino 
background

Yes Yes
Low neutrino background is required (far away 

from power reactors), large overburden is 
required

LAGUNA
Physics 
goal

Supernova 
neutrinos/Solar 
neutrinos

No Yes Large overburden is required to suppress 
cosmogenic backgrounds

LAGUNA
Physics 
goal

Geoneutrinos Yes Yes
Low neutrino background is required (far away 

from power reactors).
High geoneutrino flux is desired.

25Thursday, January 27, 2011



LAGUNA-LBNO at LBNE Collaboration meetingA. Rubbia 26

Ilias Efthymiopoulos - CERN  NNN10 - Toyama, December 15, 2010

!"#$%&'()*+,-)&./01234
! Conventional LBL ν-beams from SPS (400 GeV) 

! Exploit the CNGS technology, sub-MW class facility, CNGS+  
! Intensity upgrade, new focusing scheme for low ν-beam energies

!  Conventional SBL ν-beam from PS (20 GeV) - PSNF
! Dedicated experiment on sterile neutrinos
! Test bed for detector and targetry R&D, x-section measurements

9

ν beams at CERN – future possibilities

5)678(&'()*+,-)&./01014
! Conventional LBL ν-beams from SPS (400 GeV)

! CNGS+ beam to a new site (CN2?)
! Upgrade using LP-SPL as proton driver, new HPPS (30-50 GeV)

! ~MW class facility (CN2?-HP)

9")&:;<&=7+%8$)&>&8-'(,%)&?,+7-7')*&./01@14
! Super beams, β-beams, Neutrino Factory

! HP-SPL and new accelerators, MMW class facilities
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LAGUNA-LBNO options

27

CNGS-Umbria
L=658 km, 1deg OA
CERN SPS 400 GeV

presently operating 0.3 MW 
(0.5 MW max)

no near detector infrastructure

CN2PY
L=2288 km, CERN SPS 400 GeV

 + new beam line 0.75 MW 
+ near detector infrastructure

Longer term: 2MW with 
LP-SPL+HPPS accelerator

CN2FR
L=130 km,

HP-SPL 5 GeV 4 MW LINAC + 
accumulator ring

+ MMW target + horn
+ near detector infrastructure

3 main options 
selected for 

LAGUNA-LBNO 
study

27Thursday, January 27, 2011



LAGUNA-LBNO at LBNE Collaboration meetingA. Rubbia 28Ilias Efthymiopoulos - CERN  NNN10-Toyama, December 15, 2010

CERN ν-beam to Pyhasalmi - CN2PY

16

!"#$%&"'"(')$

*#$+"'
,-./0123

CNGS

HPPS

CN2PY

SPL
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Very short/long baseline concept
CERN-Pyhäsalmi offers a very long baseline not 
considered elsewhere in the world ➠ unique 
physics opportunities in Europe
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Graph

2300 km

arXiv:0908.3741v1 for “Magic distance”

Determine CPV and mass hierarchy by 
spectrum measurement and resolve 

degeneracies and so-called “π-transit” effect

CERN-Fréjus offers a very short baseline 
not considered elsewhere in the world ➠ 
unique physics opportunities in Europe

Adequate baseline for neutrino factoryAdequate baseline/energy for betabeam

Neutrino Oscillations in Matter

Pθ13 = sin2(2θ13)sin θ23
2 sin2((Â − 1)∆̂)/(Â − 1)2;

psin δ = α sin (2θ13)ζ sin δ sin (L∆̂) sin (Â∆̂) sin ((1 − Â)∆̂)/((1 − Â)Â);
pcos δ = α sin (2θ13)ζ cos δ cos ∆̂ sin (Â∆̂) sin (1 − Â∆̂)/((1 − Â)Â);

psolar = α2cos θ23
2 sin2 2θ12 sin2 (Â∆̂)/Â2;

α = Abs(∆m2
21/∆m2

31); ∆̂ =
L∆m2

31
4E ζ = cos θ13 sin 2θ12 sin 2θ23

Â = ±a/∆m2
31; a = 7.6 · 10−5ρ · Eν(GeV ) ρ = matter density (g cm−3)

The Â term changes sign with sign(∆m2
13)

Matter effects require long “long baselines"
Eν = 0.35GeV L ! 130 km
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Mauro Mezzetto (INFN Padova) Future Long Baseline Experiments Laguna Meeting, Aussois, 08/09/10 5 / 28
Determine CPV by comparison of neutrinos/
antineutrinos in absence of competing matter 

effects

Neutrino Oscillations in Matter

Pθ13 = sin2(2θ13)sin θ23
2 sin2((Â − 1)∆̂)/(Â − 1)2;

psin δ = α sin (2θ13)ζ sin δ sin (L∆̂) sin (Â∆̂) sin ((1 − Â)∆̂)/((1 − Â)Â);
pcos δ = α sin (2θ13)ζ cos δ cos ∆̂ sin (Â∆̂) sin (1 − Â∆̂)/((1 − Â)Â);

psolar = α2cos θ23
2 sin2 2θ12 sin2 (Â∆̂)/Â2;

α = Abs(∆m2
21/∆m2

31); ∆̂ =
L∆m2

31
4E ζ = cos θ13 sin 2θ12 sin 2θ23

Â = ±a/∆m2
31; a = 7.6 · 10−5ρ · Eν(GeV ) ρ = matter density (g cm−3)

The Â term changes sign with sign(∆m2
13)

Matter effects require long “long baselines"
Eν = 0.35GeV L ! 130 km
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Mauro Mezzetto (INFN Padova) Future Long Baseline Experiments Laguna Meeting, Aussois, 08/09/10 5 / 28

Mezzetto

need very low energy beam and 
huge detector

AR

130 km
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Figure 4: Discovery potential for Mass Hierarchy, for CNXX (NOvA Horns 50 GeV protons)
beam for different LAGUNA locations, 3 × 1021 pot/year and 5 years of neutrino run plus 5
years of anti neutrino run.
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Outstanding LBL ν physics goals (II)
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Figure 1: Discovery potential for θ13, for CNXX (NOvA Horns 50 GeV protons) beam for
different LAGUNA locations, 3 × 1021 pot/year and 5 years of neutrino run.
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Figure 3: Discovery potential for CP-violation, for CNXX (NOvA Horns 50 GeV protons) beam
for different LAGUNA locations, 3 × 1021 pot/year and 5 years of neutrino run plus 5 years of
anti neutrino run.
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LAGUNA - Schedule

Paper Design Study (EU funded): 
Categorize the sites and down-select:
Study detector design and beam options 
(LAGUNA-LBNO submitted to EU):
Critical decision (and θ13≠0?)
Phase 1 excavation-construction:
Phase 2 excavation-construction:

31

2008-2011
Sept. 2010

2011-2014
2014 ?
2015-2020 ?
>2020 ?

Timeline matched to new potential 
CERN neutrino (super)beams in >2016
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Conclusions

32

Growing worldwide interest and activities on next-generation underground large 
neutrino and proton decay detectors, both new sites and detector technologies

In Europe LAGUNA has a well defined roadmap & timeline
- a large amount of technical expertise has been gathered to reach the conclusions 
and a strong collaboration has developed since 2008
- no obvious geo-technical show-stoppers so far - but several challenges (e.g. cost of 
deep underground construction, liquid procurement, financing...)
- prioritize sites in 2010, study perspectives for LBL, detector technology choice

Big range of CERN baselines are feasible  (130 km - 2300 km)
- includes possibility of very short and very long baselines
- LAGUNA timeline matched to conventional beam from CERN
- LAGUNA detector to be eventually operated/upgraded in connection with advanced 
exotic beams (>2025 ?) ?

LAGUNA mainly towards a European research infrastructure but strongly linked to 
projects world-wide that consider same physics goals (future J-PARC and LBNE)
- this is the only winning strategy

Next LAGUNA General meeting: CERN, March 3-4, 2011

32Thursday, January 27, 2011



LAGUNA-LBNO at LBNE Collaboration meetingA. Rubbia

Acknowledgements

• FP7 Research Infrastructure “Design 
Studies”  LAGUNA
(Grant Agreement No. 212343 
FP7-INFRA-2007-1)

33
33Thursday, January 27, 2011



LAGUNA-LBNO at LBNE Collaboration meetingA. Rubbia

Backup slides

34
34Thursday, January 27, 2011



LAGUNA-LBNO at LBNE Collaboration meetingA. Rubbia

Event rates at Pyhäsalmi vs Okinoshima

35

Very long baseline electron and tau appearance with high power
conventional superbeams at a next-generation 100 kton Liquid Argon
TPC detector

luillo1, amerega2, André Rubbia1,3

(1) ETH Zurich, 101 Raemistrasse, CH-8092 Zurich, Switzerland
(2) strasburgo,...
(3) High Energy Accelerator Research Organization (KEK), Tsukuba, Ibaraki 305-0801, Japan

Abstract

1 Physics goals

Neutrino horn polarity Antineutrino horn polarity

Distance/OA νµCC νeCC νµ → νe νµ → ντ νµCC νeCC νµ → νe νµ → ντ

(νµCC) (νeCC) (ν̄µ → ν̄e) (ν̄µ → ν̄τ ) (νµCC) (νeCC) (ν̄µ → ν̄e) (ν̄µ → ν̄τ )

J-PARC , 30 GeV protons , 1.66 MW
Okinoshima

658 km 17010 138 26 1.5 1817 32 1.3 0.5
0.76 deg (619) (12) (0.4) (0.2) (4627) (31) (5.4) (0.4)

CNXX NUMI-ME-like horns , 400 GeV SPS protons , 2.4×1020 pot/year
Pyhäsalmi
2300 km 12393 73 26 297 738 15 1.2 28
0.25 deg (449) (10) (0.3) (16) (4808) (25) (4.1) (115)

CNXX NUMI-ME-like horns , 50 GeV HPPS2 protons , 3×1021 pot/year
Pyhäsalmi
2300 km 10655 72 47 80 596 9 1.8 14
0.25 deg 143 3 0.2 3 2906 19 5.5 16

Table 1: Charged current (CC) event rate calculated for J-PARC assuming the T2K optics and for CNXX using a
NUMI-ME-like realistic focusing, normalized for one year and a liquid Argon detector with a mass of 100 kton.
We assume for the mixing angles tan 2θ12 = 0.45, θ23 = π/4 and sin2 2θ13 = 0.002.

At L=2300 km the first maximum is above tau production threshold 
yielding a copious number of (QEL) tau events

SPS

HP-
PS’

JPARC 
MR
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GEANT4 simulations of fluxes

36
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Advances in low energy neutrino astronomy and direct investigation of Grand 
Unification require the construction of very large volume underground 

observatories. 

There is currently no such infrastructure in Europe able to host underground 
instruments of this size, although five national underground laboratories with high 

technical expertise are currently operated with leading-edge smaller-scale underground 
experiments. 

A pan-European infrastructure able to host underground instruments with volumes at 
the 100ʼ000 m3 scale will provide new and unique scientific opportunities in low energy 

neutrino astronomy and Grand Unification physics.

This field of research is at the forefront of particle and astro-particle physics and is the 
subject of intense investigation also in North America and Asia. Such an infrastructure 
in Europe would attract scientists from all over the world and ensure that Europe will 

continue to play a leading and innovative role in the field. 

A new giant neutrino 
observatory in Europe ?

39

➠ LAGUNA project

It is clear Europe has great relevant infrastructure and expertise 
to build LAGUNA, we can benefit from this

Big range of CERN-LAGUNA baselines are feasible (130 km - 2300 km)
- no obvious geo-technical show-stoppers so far
- main difficulty (my opinion) liquid delivery underground

In Europe LAGUNA has a well defined timeline 
- e.g. prioritize sites in 2010

“we recommend that a new large 
European infrastructure is put forward 
as a future international multi-purpose 
facility on the 100-1000 ktons scale for 
improved studies of proton decay.....etc”

APPEC  
Roadmap 
for EU

Growing world activity on large detectors, both new sites and 
detector technology

“recommend that a new large 
European infrastructure is put forward 
as a future international multi-purpose 
facility on the 100-1000 ktons scale for 
improved studies of proton decay...”

ASPERA/
AppEC 
Roadmap 
for EUObjective: defining and realizing this research programme in Europe 
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LAGUNA consortium

40
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The LAGUNA design study– towards giant liquid based underground
detectors for neutrino physics and astrophysics and proton decay
searches∗

The LAGUNA consortium†: D. Angusa, A. Arigab, D. Autieroc, A. Apostud, A. Badertschere,
T. Bennetf , G. Bertolag, P.F. Bertolag, O. Besidah, A. Bettinii, C. Boothf , J.L. Bornec, I. Brancusd,
W. Bujakowskyj , J.E. Campagnec, G. Cata Danild, F. Chipesiud, M. Chorowskik, J. Crippsf ,
A. Curionie, S. Davidsonc, Y. Declaisc, U. Drostg, O. Duliul, J. Dumarchezc, T. Enqvistm, A. Ereditatob,
F. von Feilitzschn, H. Fynboo, T. Gamblef , G. Galvaninp, A. Gendottie, W. Gizickik, M. Goger-Neffn,
U. Grassling, D. Gurneyq, M. Hakalar, S. Hannestado, M. Haworthq, S. Horikawae, A. Jipal, F. Jugetb,
T. Kalliokoskis, S. Katsanevasc, M. Keent, J. Kisielu, I. Kreslob, V. Kudryastevf , P. Kuusiniemim,
L. Labargav, T. Lachenmaiern, J.C. Lanfranchin, I. Lazanul, T. Lewken, K. Loom, P. Lightfootf ,
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Abstract
The feasibility of a next generation neutrino observatory in Europe is being
considered within the LAGUNA design study. To accommodate giant neu-
trino detectors and shield them from cosmic rays, a new very large under-
ground infrastructure is required. Seven potential candidate sites in differ-
ent parts of Europe and at several distances from CERN are being studied:
Boulby (UK), Canfranc (Spain), Fréjus (France/Italy), Pyhäsalmi (Finland),
Polkowice-Sieroszowice (Poland), Slanic (Romania) and Umbria (Italy). The
design study aims at the comprehensive and coordinated technical assessment
of each site, at a coherent cost estimation, and at a prioritization of the sites
within the summer 2010.

1 Physics goals
Large underground neutrino detectors, for instance SuperKamiokande or SNO, have achieved funda-
mental results in particle and astro-particle physics. A next-generation very large multipurpose neutrino
observatory of a total mass in the range of 100’000 to 1’000’000 tons will provide new and unique scien-
tific opportunities in this field, very likely leading to fundamental discoveries. It will aim at a significant
improvement in the sensitivity to search for proton decays, pursuing the only possible path to directly test
physics at the GUT scale, extending the proton lifetime sensitivities up to 1035 years, a range compatible
with several theoretical models; it will measure with unprecedented sensitivity the last unknown mixing
angle θ13 and unveil the existence of CP violation in the leptonic sector, which in turn could provide
an explanation of the matter-antimatter asymmetry in the Universe; moreover it will detect neutrinos
as messengers from astrophysical objects as well as from the Early Universe to give us information on
processes happening in the Universe, which cannot be studied otherwise. In particular, it will sense a
large number of neutrinos emitted by exploding galactic and extragalactic type-II supernovae, allowing
an accurate study of the mechanisms driving the explosion. The neutrino observatory will also allow pre-
cision studies of other astrophysical or terrestrial sources of neutrinos like solar and atmospheric ones,
and search for new sources of astrophysical neutrinos, like for example the diffuse neutrino background
from relic supernovae or those produced in Dark Matter (WIMP) annihilation in the centre of the Sun or
the Earth.

2 The LAGUNA design study
The construction of a large scale neutrino detector in Europe devoted to particle and astroparticle physics
was discussed several years ago (see e.g. [1]) and is currently one of the priorities of the ASPERA
roadmap, defined in 2008 [2]. Four national underground laboratories located resp. in Boulby (UK),
Canfranc (Spain), Gran Sasso (Italy), and Modane (France), are today in operation, hosting detectors
looking for Dark Matter or neutrino-less double beta decays, or performing long-baseline experiments.
However, none of these existing laboratory is large enough for the next-generation neutrino experiments.

The FP7 Design Study LAGUNA [3] (Large Apparatus studying Grand Unification and Neu-
trino Astrophysics) is an EC-funded project carrying on underground sites studies and developments in
view of such detectors observatories. Three detector options are currently being studied: GLACIER [4],
LENA [5], and MEMPHYS [6]. The study is evaluating possible extensions of the existing deep under-
ground laboratories, and on top of it, the creation of new laboratories in the following regions: Umbria
Region (Italy), Pyhäsalmi (Finland), Sieroszowice (Poland) and Slanic (Romania). Table 1 summarizes

†LAGUNA Coordinator : andre.rubbia@cern.ch

Large Apparatus for Grand Unification and Neutrino Astrophysics

• European physicists interested in 
massive neutrino detectors; geo-
technical experts, geo-physicists; 
structural engineers; tank, rock 
mechanical&underground and mining 
engineers

• about 100 members

• 28 institutions

• 10 countries

• multidisciplinary

• academic and industrial partners

Objective: defining and realizing this research programme in Europe 

http://www.laguna-science.eu/
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16 deliverables (2008-2011)

41

Deliverable 
Number 61 Deliverable Title WP 

number 53 
Lead 
beneficiary 
number 

Estimated 
indicative 
person-months Nature 62 Dissemination 

level 63 
Delivery date 
64 

1.1 First year report 1 ETHZ 5 Report Public 12

1.2

Final report on European 
underground research 
infrastructure and its 

science

1 ETHZ 10 Report Public 24

2.1 Interim report for CUPP/
Pyhäsalmi

2 UOULU 18 Report Public 16

2.2 Interim report for Fréjus 2 CNRS 18 Report Public 16

2.3 Interim report for Boulby 2 USFD 18 Report Public 16
2.4 Interim report for CNGS off-axis 2 U-Bern 10 Report Public 16
2.5 Interim report for SUNLAB 2 IFJ PAN 18 Report Public 16

2.6 Interim report for LSC 2 LSC 18 Report Public 16

2.7 Interim report for IFIN-HH 2 IFIN-HH 10 Report Public 16

2.8 Final joint report on potential 
European sites 2 UOULU 20 Report Public 24

3.1 Site specific safety 
overview report 3 USFD 20 Report CO 12

3.2 Final report on safety 3 USFD 20 Report CO 24

3.3 Report on liquid procurement 3 USFD 10 Report RE 20

3.4 Report on socio-economic 
impact

3 USFD 10 Report RE 20

4.1 Deep science paper for general 
audience

4 IFJ PAN 20 Report Public 24

4.2 Scientific  paper for the physics 
community 4 IFJ PAN 20 Report Public 24

Total 245

green=delivered, yellow=almost ready
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(7) Excavation cost estimates

• The proposed designs developed by each industrial partner for each site has been 
critically reviewed by the other industrial partners during a series of dedicated 
(and lively!) technical meetings.

• The designs were “corrected/amended” where necessary.  Technical differences 
between sites remain due to local boundary conditions (quality of rock, depth, etc.)

• The unit costs were taken using reference from civil construction in the same area. 
Unit costs were debated at length. Differences among regions clearly exist.

• Finally the final cost estimates for each site and infrastructure excavation and 
each detector option was defined (detailed figures in documents)

42

Cost estimation for each detector option has been divided into several 
sections 

• Main Detector Cavern excavation and support.
• Access galleries, auxiliary caverns and ventilation facilities excavations and support.

• Installations: construction installations, underground installations and surface installations.
• Environmental measures.

GLACIER O(65M€), LENA O(75M€), MEMPHYS O(200M€)GLACIER O(xxM€), LENA O(xxM€), MEMPHYS O(xxxM€)
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LAGUNA site down-select

43

Outcome of deliberations to be included into next LAGUNA deliverables 
• Deliverable 2.8 : Final joint report on potential European sites
• Deliverable 1.2 : Final report on European underground research infrastructure and its science

All seven pre-selected sites were considered for the 
feasibility of the underground infrastructure and for 

all three detector options 

3x7 = 21 a priori cases 

down-select
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Until June 2011

44

• To be finalized by June 2011

• 2.8	
 Final joint report on potential European sites

• 3.2	
 Final report on safety

• 3.3	
 Report on liquid procurement

• 3.4	
 Report on socio-economic impact

• 4.1	
 Deep science paper for general audience

• 4.2	
 Scientific  paper for the physics community

• 1.2     Final report on European underground research 
infrastructure and its science

LAGUNA General meeting 
(CERN, March 3-4, 2011)
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